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X-ray yield scaling studies performed on the OMEGA laser
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We have performed experiments with planar targets on the OMEGA laser facility at the University
of Rochester. These experiments investigated the scaling of x-ray yield and conversion efficiency
with the laser energy and focusing properties for several different target materials. The experiments
were also designed to investigate the feasibility of high-energy backlighters under typical irradiance
geometries. The scaling of Fe emission near 6.7 keV was investigated by varying laser irradiance
from 10" to 10Wi/cn?. In addition, the scaling of x-ray yield with emitted x-ray energy was
studied at fixed laser irradiance neat@\W/cn? for Fe, Zn, and Ge. The time-integrated spectra as
well as filtered x-ray film gave relative x-ray yields. @001 American Institute of Physics.
[DOI: 10.1063/1.1318251

I. INTRODUCTION try to understand the scaling and discrepancies, we have in-
. o , . vestigated x-ray yield scaling on the OMEGA laser facility at
X-ray imaging is a ;tandard and |mp0rt§nt techniquey, o University of Rochestéf. In this article we present two
used to determine density, symmetry, size, interface, angheasyrements, the scaling of high-energy He-like x-ray yield
opacity information in high-density objects. The image can, re targets as a function of laser irradiance and a compari-

be collected either from the self-emission of the object or by, of yield from Feat 6.7 keV, Zn (at 9.0 ke, and Ge(at
backlighting from a separate x-ray source behind the object; 3 ke\) at the same laser irr'adiance. '

The objects to be imaged are typically quite small in laser-
based experiments, often requiring spatial resolutions of ten
microns or less. These small spatial resolution scales and!l- EXPERIMENT

high densities put very high demands on the properties of the Targets consisted of flat round disks of 3 and 1 mm

X-ray source.used for backll'ghtmg-' _ diameter. The 1-mm-diam targets were used when laser
The quality of an x-ray image is directly related to the po,ms were focused tightly and overlapped. The smaller tar-
flux of the x-ray source at the detector, the efficiency of theyes aliowed alignment fiducials to be viewed in the so called
detector, and the x-ray energy. Because the recorded x-ray,iqh_resolution alignment system,” necessary for precise
signal depends on the backlit object opacity, length, angyejap of the tightly focused laser spots. Primary diagnos-
x-ray source strength, an understanding of how to producfcg included a time-integrated crystal spectrometer and an
the des[red x-ray flux at.the appropnatfa energy is cru0|a_l I juminum step-wedge filtered direct exposure flBEF)
the design of an experiment. Determining the appropriatg 4y film pack. In addition, low-resolution streaked spectra,
laser conditions for a given x-ray source is not easilygiatic pinhole images, and gated framing camera images
modeled It is therefore necessary to determine the scalingyere also recorded. Targets were irradiated with up to six
laws  experimentally. Laser parameters controlling X-rayheams with an angular cone 23° from the target normal using
yield include laser irradiance, wavelength, spot size, polary 1 g temporally square profile at a wavelength of 351 nm.
ization, angle of incidence, beam smoothing, and pulse du-  Aq shown in Fig. 1, targets were oriented normal to the
ration. In addition, target material and density will determine7_1414 axis where opposing ten-inch diagnostic manipula-
the emitted x-ray spectral fluence and absorbed laser energyys (Tims) had views normal to the target surface from front
Over the past two decades several experiments have begRy rear. One primary diagnostic, a time-integrated spec-
performed to determine x-ray yield and conversion eﬁ'c'encytrometer(Henway spectromet!), looked at an angle of 34°
as a fug_cgﬂon of laser irradiance, wavelength, and pulsgyit respect to the normal at the irradiated side of the target.
d.urat|or}.' In adghﬂon, thg drastic decrea.se In X-ray CONVer-The time-integrated crystal spectrometer consisted of four
sion efficiency with hea\_nlelr target materials has been demghannels of data using separate convex crystals. Overlap of
onstrated experimentalfy. _ _ . spectral coverage on three crystals allowed a measure of
_ The problem encountered by an experimentalist designye|ative reflectivity. Crystals in the spectrometer included,
ing an x-ray backlighter source is the scarcity of data points, ;monium dihydrogen phosphatéADP), pertaerthritol

and the confusion created by discrepancies in the availabl&,ET) and Si. The x-ray spectra were recorded on DEF
data. The discrepancies can often be explained by the diffe;(—_ray film. The film was processed using the method pre-

ences between lasers and is manifested by differences in the ipaq by Henket al4 and then digitized using a micoden-
x-ray spectrd.In an attempt to extend the available data andgitometer with a step size of 20um? The actual expo-
sure on the film as a function of x-ray energy was then
¥Electronic mail: workman@Ilanl.gov calculated from the Henke film data calibratirin addition
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FIG. 1. Experimental setup on the OMEGA chamber. Target is positioned at 1 10
the target chamber center. X-ray framing cameras are positioned normal to . 2 .15
the rear surface and at 37° from the irradiated surface at a magnification of Laser Irradiance (W/em®/107)
6X. The streaked spectrometer is positioned at 79° from the target normal ) . . o
and the time-integrated x-ray spectrometer is positioned at 34°. FIG. 2. X-ray yield scaling from Fe targets as a function of laser irradiance.

Vertical axis is photons reaching the detector corrected for filters. The open
symbols are the lower irradiance data scaled to the energy of the other points
to the additional diagnostics shown in Fig. 1, six static pin-(3 kJ.

hole cameras at magnifications ok 4/iewed the target from
front and rear at various angles, including a view of the rear
side at an angle of 34° with respect to the normal. noise and to emulate the spectra typically selected for pin-

The laser irradiance on target was varied by changindole imaging.(The energy range in a standard pinhole im-
the number of laser beams used or by changing the laser spager is determined by a filter band-pass of the same material
size. Laser spot sizes were varied from 600 down-ttH0  as the target placed in the path of the broadband x-ray emis-
pm diameter while overlapping beams. Up to six beamssion. This filter is in place to monochromatize the x-ray en-
were used with a total energy of 3 kJ. Overlapping of theergy, usually selecting the He-like transition #or-14.) The
beams was monitored both by the gated and static pinholeertical axis is in terms of photons reaching the DEF film
imagers. plane corrected for filter transmissions. This does not include
the reflectivity of the crystal, which is an unknown at this
time. The three lowest irradiances were obtained for two,
four, and six beams overlapped and defocused to au00

A total of 12 targets were shot on OMEGA consisting diameter. The data point atd10">W/cn? used six beams
mainly of Fe and Ge with one shot using a Zn target. Theoverlapped at a diameter of 3@dn. The highest irradiance
primary results are from the time-integrated x-ray spectromdata point was obtained using six beams tightly focused to a
eter. A discussion of x-ray yield from the step-filtered x-ray diameter of about 100—15@m. The total energy was typi-
film is incomplete at this time. cally 3 kJ when six beams were used.

The scaling of x-ray yield with laser irradiance for Fe The peak in the x-ray yield in Fe occurred for an irradi-
targets was performed over a range oK #0'* to 2  ance of 4<10W/cn? and dropped off sharply above this
x 10 W/cn?, where irradiance is defined as total energyvalue. For the data points at and above 0> W/cn?, there
divided by pulse duration and laser spot size. The first thregvas a measurable continuum under the lines. Uncertainty in
irradiances(4x 10*, 7.5x 10" and 1x 10**W/cn?) were the irradiance is due primarily to the spot size and is largest
obtained for beams defocused to a diameter of g60(no  with the tightly focused overlapped beams. Because the
phase plates or spectral smoothing were useéth differing  tightly focused beams may not have been perfectly over-
numbers of beams. The defocused beams were converginglapped, the highest irradiance data point is bracketed on the
the target surface. In order to reach higher irradiance, theow end by overexposed static pinhole images of the x-ray
laser focal diameter was decreased from 600 to @@0and  source. This is very likely a large overestimate of the laser
finally to 100 um giving a maximum irradiance of about 2 spot size but is nonetheless included pending further analysis
x 10 W/cn?. Although changing the focal spot changes theof the gated x-ray images. The high-irradiance side of the
dimensionality of the problem, this was the most practicalerror bar is determined by measured minimum spot sizes
method of obtaining high irradiancéThe irradiance using achievable on OMEGA and the assumption that beams were
tightly focused beams is of practical interest for point-backlitperfectly overlapped. Because the defocused beams are much
imaging®) easier to overlap, the error bars are significantly smaller. The

Figure 2 is a summary of the x-ray yield data around 6.70pen symbols included in Fig. 2 are the first two data points
keV obtained with the time-integrated spectrometer as aescaled in energy to the successive data points. These
function of laser irradiance for Fe targets. Data points areescaled data points along with the other points using six
integrals of film exposure over a given energy band. Thisbeams give an indication of how the conversion efficiency
band was kept small to minimize contributions from film scales.

IIl. RESULTS
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FIG. 4. X-ray yield scaling as a function of x-ray eneiggrgetZ) using Fe,
20| Zn, and Ge targets. Laser irradiance was D' W/cn? using six tightly
10} focused overlapped beams. Total laser energy was 3 kJ.
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4x10" W/em? firmed by the same level of background on all three crystals,
and is a large contributor to the integrated yield values in
Fig. 2.
Another important scaling parameter is x-ray energy,
which is associated with the atomic numbgyof the target
st N — ~ material. As targeZ increases, more laser energy is required
' ' ' in the ionization process, leaving less laser energy to be con-
2x10"™ W/em? verted into the desired x rays. Figure 4 shows the relative
o decrease in x-ray yield for three different targets of increas-
ing atomic number under similar irradiance conditions. The
targets were irradiated at10'®W/cn? with six beams of
OMEGA overlapped and tightly focused. The total energy in
N | the six beams was 3 kJ. The targets were Fe, Zn, and Ge with
*° i e i - = ®®  corresponding He-like 2—1 emission at 6.7, 9.0, and 10.3
Energy (keV) keV, respectively. Yield is integrated over 400 and 500 eV
FIG. 3. Fe spectra obtained at different laser irradiances. The spectra haR@ndwidths, which bracket colie, He-like 2—1 and H-like
been post-processed to correct for filter respoiiseattenuators The ver-  2—1 emission. Because the irradiance conditions are similar,
tical axis is in terms qf photons per square micron recorded at the DEF filnhe yield scaling is identical to the conversion efficiency
plane, corrected for filters. scaling. Both yield and conversion efficiency are measured
to decrease ash@)~*° for this irradiance, wherév is the
The spectra from which the above Fe data were taken ane-ray emission energy.
shown in Fig. 3. These spectra were taken on two different Figure 5 shows the time-integrated spectra correspond-
PET crystals with three different attenuation channels. Alu4ing to the data in Fig. 4. The Fe spectrum has been reduced
minum was used for attenuation, as it has a relatively flaby a factor of 10 in order to be on scale with the Zn and Ge
transmission over a large energy range and minimizes fluodata. In addition, the Fe spectrum has been corrected for a
rescence effect$.When corrected for filter transmission, the factor of 4 difference in reflectivity between the two crystals
Fe He-like 2—1 transition is by far the most prominent spec-used.(This corresponds to the scale difference in Figs. 3 and
tral feature. The H-like 2—1 transition is only pronounced at5.) The Zn and Ge spectra were taken using(@Hi) crystal
the higher laser irradiances. He-like 3—1 and 4—1 are quitevhile the Fe was taken using a PET crystal. The relative
prominent in all the spectra before correction for the alumi-reflectivities of the two crystals were obtained using redun-
num filters, which have a larger transmission at higher enerdant information from the Zn and Fe spectrum appearing on
gies. There is only a small trace Bfa (6.4 keV) emission  both crystals.
(cold material emissignat the highest irradiance. The lack Results from an aluminum step-filtered film pack
of K-a emission is puzzling, as we found an apparent largeshowed an anomalously high transmission for the energy we
contribution from high energy x rays from analysis of the expected to be measuring. A plot of measured exposure on
step-filtered x-ray film. The spectra, for an irradiance at andhe DEF film versus filter thickness should have resulted in a
above 4< 10®W/cn?, shows the He-like 2—1 emission line single exponential curve fitting the absorption coefficient at
sitting on top of a continuum. This background is real, con-the energy of interest. Instead, we found a multiexponential

H 21 He 3-1 He 4-1
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359 Fe! He 2-1 laser-heated region can change the energy transport proper-
ties in the target drastically. With a limited number of target
3.04 Ge spectra shots available for diagnostic development only a small sub-
£ Zn spectra t of scall t Id be investigated
£ Ll Fe spectra/10 set of scaling parameters could be investigated. .
® In conclusion, measurements of x-ray yield at 6.7 keV in
g 201 Fe targets show a peak near an irradiance of 4
@ X 10"°W/cn?. Measurements of Fe, Zn, and Ge x-ray yield
g 15 at6.7, 9.0, and 10.3 keV, respectively, show decreasing yield
Zn: He 2-1 . . 4
as a function of emitted x-ray energy that scalestas) (~.
0] He 3-1 Ge: He 2-1
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